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I. INTRODUCTION
Nowadays, fuzzy adaptive controller (FAC) has attracted many researchers to developed appropriate controllers for nonlinear systems especially for large scale systems (LSS) due to its tunable structure, the performance or the FAC is superior that of the fuzzy controller. Further, instead of using adaptive controller, FAC can use knowledge of the experts in the controller.
In the recent year, FAC has been fully studied. The Takagi-Sugeno (TS) fuzzy systems have been used to model nonlinear systems and then TS based controllers have been designed with guaranteed stability [1] , [2] . To model affine nonlinear system and to design stable TS based controllers have been employed in [3] . Designing of the sliding mode fuzzy adaptive controller for a class of multivariable TS fuzzy systems are presents in [4] . In [5] , [6] , the non-affine nonlinear function are first approximated by the TS fuzzy systems, and then stable TS fuzzy controller and observer are designed for the obtained model. In these papers, modeling and controller has been designed simply, but the systems must be linearizable around some operating points. [7] have considered linguistic fuzzy systems to design stable adaptive controller for affine systems based on feedback linearization. Stable FAC based on sliding mode is designed for affine systems in [8] . Designing fuzzy adaptive output Tracking Controller for a class of Non-affine Nonlinear Systems with nonlinear output mapping is proposed in [9] . Designing decentralized fuzzy adaptive controller for a class of large scale system is discussed in [10] , [11] . Adaptive State Tracking Controller for Multi-Input Multi-Output Non-affine Nonlinear Systems is presented in [12] . 
Consider the vector (2), we obtain
Using assumption (1), equation (5) and the signal i v which is not explicitly dependent on the control input i u , the following inequality is satisfied:
Invoking the implicit function theorem, it is obvious that the nonlinear algebraic equation ( ) ( ) 0
is locally soluble for the input i u for an arbitrary ( , ) i i Xv .
Thus, there exists some ideal controller ( )
the following equality for a given ( , ) Substituting equation (9) into the error equation (6) and using (8), we get
However, the implicit function theory only guarantees the existence of the ideal controller ( , )
u X v for system (8), and does not recommend a technique for constructing solution even if the dynamics of the system are well known. In the following, a fuzzy system and classic controller will be used to obtain the unknown ideal controller.
III. FUZZY ADAPTIVE CONTROLLER DESIGN
In previous section, it has been shown that there exists an ideal control for achieving control objectives. In this section, we show how to develop a fuzzy system to adaptively approximate the unknown ideal controller.
The ideal controller can be represented as: In which irob u is defined below.
In the above, 11 () Consider the following update laws. Theorem 2: consider the error dynamical system given in (10) for the large scale system (1), interconnection term satisfying assumption (3), the external disturbances and a desired trajectory, then the controller structure given in (13), (14) with adaptation laws (15) makes the tracking error and error of parameters estimation converge asymptotically to a neighborhood of origin.
Proof: refer to [10] .
IV. SIMULATION RESULTS
In this section, we apply the proposed decentralized fuzzy model reference adaptive controller to a two-inverted pendulum problem [12] in which the pendulums are connected by a spring as shown in figure (1) . The pendulums dynamics are described by the following nonlinear equations. , where c is center of the membership function and  is its variance. We assume that the initial value of 1 
V. CONCLUSION
Developed a new method for designing a decentralized adaptive controller using fuzzy systems for a class of large-scale nonlinear non-affine systems with unknown nonlinear interconnections is discussed in this paper. The properties of the proposed adaptive controller are as: 1) stability of closed-loop, 2) convergence of the tracking errors to zero 3) Robustness against external disturbances.
